Background
Hepatitis C-associated osteosclerosis (HCAO) is a very rare disorder in which an extremely rapid bone turnover occurs, resulting in generalized osteosclerosis. Affected patients suffer from excruciating deep bone pain in appendicular skeleton. This condition occurs exclusively in patients affected with HCV, of which only 18 cases have been reported since 1992 despite the high prevalence of hepatitis C worldwide, and its etiopathogenesis still remains unclear (1) . Here we report a new case, with diagnosis confirmed by bone biopsy and treated initially with a bisphosphonate, next with steroid therapy including intravenous pulse administration, and finally with direct acting antivirals (DAA) aiming at sustained virological response (SVR). We also describe detailed data including patient's symptoms, biochemical values and bone markers through the clinical course.
Case presentation
A 50-year-old Japanese man was admitted to our hospital because of long-standing pains mainly in his lower extremities. His body mass index was 19.5 kg/m 2 and blood pressure was 153/88. He had been well until approximately 2.5 years before this admission, when he experienced a sudden onset of pain in both legs. Initially, thermalgia occurred along his tibias, and it gradually extended to thigh bones, hip joints and lumbar area in 2 years. Skeletal radiographs showed a diffuse osteosclerosis of thickening diaphyseal cortices, pelvic bones and spinal vertebrae. A radiologic appearance in which the endplates are densely sclerotic (sandwich vertebral body), which is distinctive for osteopetrosis, was absent. Paget's disease of bone was ruled out because no focal bone deformation or sign of bone fracture was observed. An abdominal ultrasound examination revealed several gallstones sized up to 8 mm within the gallbladder.
There was no family history of bone disease. History of exposure to fluoride or specific heavy metals was also absent. He was first told that he had been infected with HCV in his age 20, however, he had been asymptomatic and never been treated until this episode. Although he had no history of drug abuse, blood transfusion, acupuncture or tattoo, he had once pierced his ear using a non-sterilized needle.
Investigation
Laboratory data revealed low-normal serum calcium level with remarkable hypocalciuria, high levels of both intact-PTH and 1,25-dihydroxy vitamin D with low-normal level of 25-hydroxy vitamin D. Very high levels of both bone formation markers and bone resorption markers were present (data at the initial evaluations are summarized in Table 1 , 1st column, hospital day −20 to +30).
Bone scintigraphy using 99m-Tc-HMDP showed an enhanced radionuclide uptake without any focal abnormality (Fig. 1) . Neither parathyroid gland swelling nor abnormal 99m-Tc-MIBI uptake was detected by ultrasound imaging or parathyroid scintigraphy. Dualenergy X-ray absorptiometry (DEX) revealed remarkably elevated levels of generalized bone mineral density (BMD) ( Table 2 , 1st column).
Bone biopsy specimen taken from iliac crest after double tetracycline labeling was analyzed (Fig. 2) . Parametric values of bone volume, trabecular thickness, osteoid volume, osteoid thickness, osteoid surface and eroded surface were enormously elevated (Table 1, 1st column). A number of osteoclasts were also present. Immature bone mineralization occurred in many trabecula suggesting exceedingly rapid bone formation (Fig. 3 ). These observations suggested that the bone turnover rate was highly increased, in which, bone formation exceeded resorption leading to a positive balance and were consistent with the results of biochemical markers of bone metabolism. Other disorders causing osteosclerosis were inconsistent with the case. HCAO, a quite rare disorder for which there are no established diagnostic criteria, seemed the most appropriate diagnosis. To evaluate the severity of pain, universal pain assessment tool was used with arbitrary pain scale unit of 0 (no pain) to 10 (worst possible pain), and the patient recorded the score every one hour or two during daytime of the hospitalization period. The pain score at the initial evaluation was located at around 7-8.
Treatment
After obtaining informed consent of the patient and approval of Institutional Ethics Committee, treatment was initiated with risedronate, 17.5 mg/day. Supplementation with calcium l-aspartate hydrate (2400 mg/day) and alphacalcidol (1.0 μg/day) was required to maintain normocalcemia soon after the regimen was started. We stopped risedronate on regimen day 38 because a preferable effect was not observed in bone pain or biochemical markers of bone ( Fig. 4A and B) , and hypocalciuria was remarkable despite supplementation. Calcium carbonate (3000 mg/day) was added to the supplementation aiming at increasing urinary calcium excretion by phosphorus absorption, which did not seem effective ( Fig. 4A and B) .
Steroid administration was initiated on 100th hospital day. First, a regimen consisting of intravenous infusion of methylprednisolone (mPSL), 500 mg/day for three days, and subsequent withdrawal for four days was repeated four times (pulse steroid therapy). Subsequent to the regimen, oral administration of prednisolone (PSL) was started, and the dose was soon increased up to 50 mg. The dose was gradually decreased down to 10 mg/day. DAA therapy (sofosbuvir, 400 mg/day and ribavirin, 800 mg/day) was initiated on 195th day and continued for 84 days. Supplementation was gradually withdrawn by 240th day because the hypocalcemic tendency of the patient seemed to disappear.
Outcome and follow-up
Steroid administration revealed its impact on the symptoms and biochemical data of the patient. Pulse steroid therapy led to a notable improvement of pains of his lower extremities and decrease of ALP and a bone formation marker of BAP during infusion periods (Fig. 4A) . The pain-relieving effect was weakened during each withdrawal period. Oral administration of PSL was started, and the dose was increased up to 50 mg because his pain worsened again. Values of ALP and BAP, once decreased by mPSL therapy, became higher levels than those before. They, however, reached peak levels on around 150th
hospital day, and then began to decrease linearly down to the levels around the upper limit of normal range in about 50 days (Fig. 4A) . Meanwhile, pain score, which had been 6-8 before mPSL infusion, was decreased by the treatment to the level of 3-5, but was sustained at the same level thereafter (Fig. 4A) . DAA therapy successfully achieved SVR (Table 1 , hospital day 280) but showed no additional effect on his symptoms or bone markers ( Fig. 4A and B) . The representative markers of bone resorption and formation, urine deoxypyridinoline and serum osteocalcin respectively, were also observed through the course (Fig. 4B and Table 1 ). Risedronate decreased the elevated values of both markers during the initial 2 or 3 weeks but thereafter the effect seemed to disappear, so did the phosphorus absorption therapy with calcium carbonate. Pulse steroid therapy and subsequent oral administration successfully decreased the levels of both markers, which reached around the upper limit of normal range in about 10 weeks. Of note, steroid therapy seemed to aggravate hepatitis, leading to elevated levels of transaminases, which were promptly normalized with the use of DAA (Fig. 4B and Table 1 , 4th column, hospital day 280). DXA evaluations revealed sustained increase of BMD and bone mineral content (BMC) despite decreasing levels of bone markers. Total BMC was increased by the rate of 1.43-2.36 g/day since the initial evaluation until day 249 (Table 2) . These values were compatible with those estimated by calcium balance, suggesting that most of the orally ingested calcium was incorporated into bone without being excreted in urine. The rate, however, slowed down thereafter to 0.87 g/day, and the most recent data showed further slowdown to 0.30 g/day in the subsequent 120 days.
The patient was gaining 870 mg of bone mineral content daily (absolute value estimated by whole body dual-energy X-ray absorptiometry). Bone mineral content seems to consist of hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ), of which the weight percentage of calcium is ~40%. The value was consistent with calcium balance (oral ingestion and urinary excretion).
Discussion
The first several cases of HCAO were reported in 1992 (2). This is a very uncommon condition and can be defined as an acquired painful skeletal disorder characterized by a remarkable increase of bone mass. Osteosclerosis is characterized by nonspecific, often diffuse bony pain and tenderness over involved bones due to periosteal stretching, in the absence of joint swelling. Radiographic examination shows thickening of the long bone cortices, mainly diaphyseal cortical bone. Deterioration of bone strength has not been reported except for an elderly woman who suffered from multiple fractures after several falls 10 years after the diagnosis of HCAO (1). The pathogenesis of this rare condition still remains unclear. It has been suggested that HCV alone or in combination with other unknown factor(s) may infect and alter bone cells or their precursors in predisposed individuals. Abnormalities have been demonstrated by previous studies in the insulin-like growth factor (IGF) system (3), the receptor activator of nuclear factor kappa B ligand (RANKL) and osteoprotegerin (OPG) system imbalance (4, 5) , and the transforming growth factor (TGF)-β-Smad signaling (6) . With regards to therapeutic approaches to the disease, the hallmarks are the changes in deep, torturing bony pain, bone markers, thickening of the long bone cortices and BMD. Attempts to treat with anti-resorptive agents in at least five patients were ineffective, whereas symptomatic treatments may provide some benefit (1). In some cases, a partial or complete spontaneous remission of symptoms and/or osteosclerosis was observed during follow-up. Cholecystectomy in a case having xanthogranulomatous cholecystitis with multiple gallstones might have led to the declining of her elevated BMD, although characteristic bone pain was absent in the case (7) . The antiviral therapy in a case using ribavirin and interferon was followed by a recovery of skeletal sclerosis (8) .
The 19th case of HCAO was herein described with the detailed clinical course of the patient for almost one year. We focused on the therapeutic effect of several treatments on his bone pain, biochemical data and bone markers (Fig. 4) . Bony pain was measured every one hour by a pain scale during daytime, and serum and urine were sampled almost every week. A bisphosphonate (risedronate; used in a high-dose regimen) showed only a transient partial remission. This unusual regimen of an anti-resorptive agent is recommended only for the patients with Paget's disease of bone in Japan. Our result suggested that the mechanisms that lead to accelerated bone turnover in HCAO (diffuse sclerosis) and Paget's disease (focal) differ with each other. DAA has never been challenged for HCAO treatment before this case, and ineffectiveness of DAA therapy using sofosbuvir was observed on the abnormal bone turnover and bony pain despite an achieved SVR (Fig. 4B ). An argument would be that it was used after a remission achieved by steroid treatment and some positive effect of SVR might be veiled. In addition, skeletal recovery by the antiviral treatment reported previously was recognized when 7 years passed after the treatment (8) .
We found an impact of intravenous pulse therapy followed by high-dose oral administration of glucocorticoids on the patient's pain and laboratory data. Among 20 cases of HCAO in the literature, steroid treatment was described only in a case, with 5 mg/day of PSL for 2.5 months, without subjective improvement (9). Our results strongly suggested that some underlying immunological alteration is the crucial key to clarify the pathogenesis. DEX revealed increased lumbar BMD (1.513 g/cm 2 in L2-L4 average), which further reached 1.73 g/cm 2 in the subsequent 130 days since initial evaluation (Table 2 ). Elevated levels of both PTH and 1,25-OH vitamin D and strongly suppressed urinary calcium excretion despite low-normal 25-OH vitamin D and a large amount of calcium supplementation suggested that they worked in accordance to increase BMD (Table 1) and that some unknown factor(s) might regulate all of these actions. It might be that promoted bone resorption is the reaction to protect skeletal from osteosclerosis, and treatment by anti-resorptive agent could be with adverse effect. One of the most remarkable therapeutic effects for osteoporosis, reported in a clinical study using intermittent subcutaneous injections of PTH in postmenopausal women with severe osteoporosis, was an increase by 8% per year in lumbar BMD, the rate far smaller than that observed in this case (14% per 130 days). Clarification of the mechanisms that develop osteosclerosis in HCAO might lead to a new therapeutic perspective for osteoporosis.
In conclusion, HCAO is a very rare disorder, and no definitive treatment has hitherto been found. We reported the first case of HCAO in which a therapy using high dose of steroid was evidently effective, proposing not only a key to solve the question for its pathogenesis but also an entrance to a new treatment strategy for bone loss syndromes in future.
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